Adult skeletal muscles retain an adaptive capacity to switch between slow-and fast-twitch properties that largely depend on motoneuron activity. The NFAT (nuclear factor of activated T cells) family of calcium-dependent transcription factors has been implicated in the up-regulation of genes encoding slow contractile proteins in response to slow-patterned motoneuron depolarization. Here, we demonstrate an unexpected, novel function of NFATc1 in slow-twitch muscles. Using the troponin I fast (TnIf) intronic regulatory element (FIRE), we identified sequences that down-regulate its function selectively in response to patterns of electrical activity that mimic slow motoneuron firing. A bona fide NFAT binding site in the TnIf FIRE was identified by site-directed mutations and by electrophoretic mobility and supershift assays. The activity-dependent transcriptional repression of FIRE is mediated through this NFAT site and, importantly, its mutation did not alter the up-regulation of TnIf transcription by fast-patterned activity. siRNA-mediated knockdown of NFATc1 in adult muscles resulted in ectopic activation of the FIRE in the slow soleus, without affecting enhancer activity in the fast extensor digitorum longus muscle. These findings demonstrate that NFAT can function as a repressor of fast contractile genes in slow muscles and they exemplify how an activity pattern can increase or decrease the expression of distinct contractile genes in a use-dependent manner as to enhance phenotypic differences among fiber types or induce adaptive changes in adult muscles.
T
he contractile and metabolic properties of skeletal muscles are determined by both intrinsic and extrinsic cues during development and remain plastic in the adult. Motoneuron and muscle diversity is apparent before innervation and during perinatal development (1) (2) (3) (4) (5) . Between the first and second postnatal week of rodent development, as polyinnervation is retracted and gap junctions between motoneurons are reduced, motor units begin to depolarize muscles with ''slow'' (tonic, low frequency) and ''fast'' (phasic, high frequency) activity patterns typical of adult motoneurons (6, 7) . While activity regulates the expression of contractile proteins that determine the slow and fast twitch properties of adult skeletal muscle fibers, adult muscles remain plastic. Stimulation of fast-twitch muscles with slow-patterned activity causes a fast-toslow fiber-type switching in preexisting fibers, that requires both the up-regulation of slow and repression of fast contractile proteins (8, 9) .
Changes in the contractile properties of skeletal muscles during development and in response to activity occur largely at the transcriptional level (10) . Based on studies in neurons and nonneuronal cells, it appears that important information for deciphering patterned activity depends on the location, timing, and dynamics of Ca 2ϩ transients in the cell (11) . For example, during T cell lymphocyte activation sustained increases in Ca 2ϩ levels augment the activity of the calcium-dependent phosphatase calcineurin (CaN), triggering dephosphorylation of cytoplasmic NFAT (nuclear factor of activated T cells) and its translocation to the nucleus where NFAT forms complexes with other factors to regulate the transcription of target genes (12, 13) . Several signaling pathways and transcription factors, including CaN/NFAT (14) , have been shown to regulate the expression of slow muscle genes, such as GTF3 (15) , PPAR␦/PGC-1␣ (16, 17) , and myogenin (18, 19) . However, relatively little is known about how patterned motoneuron activity and transcription are coupled in distinct muscle fiber types. The identification of activity-responsive cis-and trans-acting elements will help elucidate how motoneuron activity regulates fiber-type-specific transcription. To this end, we chose to study the troponin I slow (TnIs) and troponin I fast (TnIf) genes because their expression is restricted to slow-or fast-twitch myofibers in adult muscle. TnIs and TnIf mRNAs are initially coexpressed in all muscle groups during embryonic development (15, 20) and in differentiating cultured myocytes (21, 22) . Later, as developing myofibers are innervated and depolarized by motoneurons, their expression is increasingly confined to slow or fast myofibers. However, the expression of TnI genes remains plastic in adult muscles; it is differentially regulated by slow and fast patterns of activity (23) (24) (25) .
Because muscle cell lines exhibit limited responses to patterned electrical activity and fail to manifest fiber-type-specific properties, transgenic mice and direct DNA injection into adult muscle have been necessary to identify DNA regulatory elements that confer fiber-type-specific gene expression (10) . A systematic deletion analysis in transgenic mice led to the identification of a 128-bp slow-specific upstream regulatory element (SURE) and a 144-bp fast-specific intronic regulatory element (FIRE) that restrict TnI transcription to either slow or fast muscles (20, 26) . Interestingly, these enhancers share four homologous cis-acting regulatory motifs: an E-box and MEF-2, CACC and CAGG sites (26, 27) . The TnIs SURE is bipartite, with the half that contains the first three elements conferring general muscle specificity, whereas the other half harboring the CAGG site and a bicoid-like motif, which binds GTF-3, is required for confining transcription to slow muscle (15, 27) . Although the TnIf FIRE is sufficient to confer developmental and fiber-type-specific transcription (20, 26) , the cis elements conferring this specificity are not known.
Although studies in transgenic mice identified DNA sequences important for fiber-type specificity, they did not address whether the regulation was caused by intrinsic (i.e., cell lineage) or extrinsic (i.e., motoneuron activity) factors. To identify sequences that regulate TnI transcription in response to neural activity, we used electroporation of adult nonregenerating muscles with GFP reporter constructs to measure fluorescence levels in vivo in individual myofibers before and after electrical stimulation (25) . We demonstrated that the GFP reporter constructs TnIf 2100-bp and TnIs 2700-bp, which harbor, respectively, FIRE and SURE, were positively and negatively regulated differentially by distinct patterns of electrical stimulation (25) . The goal of the present study was to identify cis-acting sites and transcription factors that down-regulate the TnI FIRE in response to slow-patterned activity. Here, we report that we have uncovered a distinct role of NFATc1 in regulating fast contractile proteins in slow-twitch muscles in response to activity.
Results

The Downstream Half of FIRE Is Sufficient to Confer Fast Muscle
Specificity. Given the similar organization of the SURE and FIRE, and the bipartite organization of SURE (15), we asked whether the downstream half of FIRE directs reporter expression to fast-twitch muscles. A chimeric SURE/FIRE enhancer was constructed as shown in Fig. 1A . This 130-bp chimeric enhancer was linked to the luciferase reporter and used to generate transgenic mice. As observed with the endogenous TnIf gene (15, 20) , the luciferase reporter was expressed in both the slow soleus and fast extensor digitorum longus (EDL) muscles during the first postnatal week (P7), and as the muscles matured, reporter activity became progressively more restricted to the EDL (Fig. 1B) . These results indicated that the sequence between ϩ724 and ϩ776 harbors elements that contribute to its selective expression in fast muscles. Sequence analysis of this region using TransFac, a bioinformatics tool to search for transcription factor binding sites, identified two A/G-rich elements as potential NFAT binding sites that we denoted S1 and S2. The consensus site for NFAT conforms to the sequence WGGAAAa, where W denotes an A or T and the lowercase a indicates preferentially an A at this position. S1 conforms to this consensus (AGGAAAA on the lower strand), whereas the S2 site (AGGAAAC on lower strand) is similar but contains a C in the last position.
The TnI FIRE S1 Site Binds NFATc1. NFATc1-3 are expressed in skeletal muscles (28) and, even though they bind similar DNA sequences, they have nonredundant functions. Although NFATc2 and NFATc3 null mice have reduced muscle size, they do not exhibit alterations in fiber types (29, 30) . The muscle phenotype of adult NFATc1 null mice is not known because of embryonic lethality (31) . However, NFATc1 is the predominant isotype expressed in adult skeletal muscle, where in response to slowpatterned activity, it translocates to the nucleus where it is proposed to regulate genes encoding slow contractile proteins (14) . Therefore we used EMSAs with nuclear extracts from cells expressing constitutively active NFATc1 (ca-NFATc1) to determine whether the TnI FIRE S1 and S2 sites constitute bona fide NFAT binding sites. Sequences of the FIRE S1 and S2 double-stranded oligonucleotides (ds-oligos) used for the EMSAs are presented (Fig. 2A) ; a cognate NFAT site from the mouse IL-2 enhancer (IL-NFAT) served as a positive control (32) . As shown in Fig. 2B , the 32 P-labeled IL-NFAT probe produced a strong shift with nuclear extracts containing caNFATc1 in EMSA (Fig. 2B, lane 2) . Addition of a 200-fold molar excess of either the S2 or the mutated S1 (mut-S1) ds-oligos had no effect on binding, whereas the S1 ds-oligo completely abolished the shift of the IL-NFAT probe (Fig. 2B, lanes 3-5) . A specific antibody against NFATc1 completely supershifted the band (Fig. 2B , lane 6), indicating that the complex contained NFATc1.
Complementary experiments were performed to determine whether labeled probes containing the TnI FIRE S1 and S2 sites could directly form complexes with NFATc1. As shown in Fig. 2C , the IL-NFAT and wt FIRE probes formed complexes of similar mobility that were supershifted by the NFATc1 antibody (lanes 1-5). Antibodies to other NFAT isoforms did not modify the shift (data not shown). The more complex pattern of bands observed with the FIRE probe, as compared with the IL-NFAT probe, could result from the binding of distinct NFAT-containing complexes or proteins that require NFAT for binding. Next, probes harboring mutations in S1 (mut-S1) or S2 (mut-S2) of FIRE were used to test the importance of each site for DNA binding. As shown in Fig. 2C , mutation of S1 eliminated NFATc1 binding to the probe (lanes 6 1 and 4) , or expression vectors for ca-NFATc1 (lanes 2 and 5) or VIVIT (lanes 3 and 6) is shown. The mean luciferase level of myotubes transfected with TnIf2100 and the empty expression vector was set to 100%. HSV-renilla luciferase levels were used to normalize for transfection efficiency. Measurements represent the mean Ϯ SEM (n ϭ 6 each bar; * , P Ͻ 0.05; Kruskal-Wallis test with Dunn's post test). and 7), whereas mutation of S2 had no effect (lanes 8 and 9). Taken together, these results indicate that the FIRE S1, but not S2, functions as an NFAT binding site.
Activity of TnIf FIRE Is Regulated by NFAT in C2C12 Myotubes. We set out to test whether the S1 site also functions to regulate the activity of the TnI FIRE in response to activation of the CaN/NFAT pathway, and whether it confers the stimulus-dependent properties of the enhancer. Because our ultimate goal was to study the function of FIRE in adult muscle, and work by our group and others indicated that minimal enhancer constructs lack fiber typespecificity when expressed transiently from episomal DNA constructs (D. Vullhorst and A.B., unpublished work and refs. 33 and 34), we first confirmed that the FIRE confers the developmental and fiber-type-specific transcription of the TnIf2100 reporter construct. We compared in transfected C2C12 myocytes and adult muscles the activity of the TnIf2100 constructs harboring or only lacking the 144 bp FIRE (TnIf2100⌬FIRE). Consistent with previous work (21), we found that the activity of TnIf2100 in developing C2C12 myocytes strictly depends on the FIRE, as luciferase levels in cells transfected with TnIf2100⌬FIRE were similar to background (Fig. 3A) . More importantly, FIRE is essential for the selective transcription of the TnIf2100 construct in adult EDL muscle, compared with the soleus (Fig. 3B) . Normalized luciferase reporter levels driven by TnIf2100 were Ϸ10-fold higher in the EDL than soleus, whereas removal of the FIRE abolished reporter expression in the EDL and did not result in misexpression in the soleus (Fig. 3B) .
Next, we analyzed the functional role of the S1 NFAT-binding site in C2C12 cells. Gain-of-function experiments were performed by cotransfecting C2C12 myoblasts with the TnIf2100 luciferase reporter construct and the ca-NFATc1 vector. As shown in Fig. 4 , TnIf2100 activity was reduced in C2C12 myotubes expressing ca-NFATc1 to 65.8% Ϯ 8.4% of controls (cotransfection with an empty expression vector). These effects require the S1 site, because ca-NFATc1 did not significantly alter expression of a reporter construct with a mutation in the S1 element (TnIf2100-mutS1). Expression of VIVIT, a short peptide NFAT antagonist (35) 
Mut-S1 Increases Transcription in Muscles Stimulated with Slow
Activity. The role of the S1 site in the activity-dependent regulation of TnI FIRE in myofibers was investigated in adult soleus muscles transfected by electroporation. Fluorescence levels were measured in live fibers before and after 12 days of stimulation with either slowor fast-activity patterns, as described (25) . As shown in Fig. 5A , and consistent with our previous data (25), slow-patterned activity repressed transcription from the TnIf2100 construct, whereas fastpatterned activity augmented transcription levels. In stark contrast, slow-patterned stimulation of muscles transfected with the TnIf2100 construct mutated at S1 (TnIf2100mut-S1) failed to repress GFP levels and actually resulted in an increase in reporter expression (Fig. 5B) . Importantly, TnIf2100mut-S1 retained its responsiveness to fast-patterned activity.
Quantification from independent experiments indicates that stimulation of denervated solei with slow-patterned activity reduced transcription from the wild-type TnIf2100 construct by 15.6% Ϯ 3.3%, relative to prestimulation levels (Fig. 5C ). In contrast, expression from the TnIf2100mut-S1 increased by 40.2% Ϯ 6.5%. The effects of slow activity were specific, because fastpatterned activity increased transcription from the wild-type TnIf2100 and TnIf2100-mut-S1 constructs to the same degree and was not affected by mutating the S1 NFAT binding site (119.8% Ϯ 24% vs. 120.9% Ϯ 18.7%). These results are consistent with the idea that the NFAT S1 site in FIRE functions as a slow activitydependent repressive element.
siRNA-Mediated Knockdown of NFATc1 Reduces the Repression of
FIRE by Slow-Patterned Activity. We used siRNAs to determine whether NFATc1 regulates transcription from the TnIf2100 reporter construct in skeletal muscles (Fig. 6) . To confirm that NFAT activity is higher in the soleus than in EDL muscle (36) , and that the siRNA effectively knocks down NFATc1, muscles were cotransfected with a luciferase reporter construct driven by trimerized IL-2 NFAT sites (3xNFAT), and with either NFATc1 siRNAs or nontargeting control siRNAs (Fig. 6A) . Consistent with previous reports (36, 37) , expression of the 3xNFAT construct was Ϸ3-fold higher in the soleus than EDL muscles (soleus, 272% Ϯ 23% vs. EDL, 100% Ϯ 25%). NFATc1 knockdown significantly reduced transcription of the 3xNFAT reporter in the soleus (soleus, 272% Ϯ 23% vs. soleus ϩ NFATc1 siRNAs, 117% Ϯ 11%, P Ͻ 0.05) but had no effect in transfected EDL muscle (EDL, 100% Ϯ 25% vs. EDL ϩ NFATc1 siRNAs, 93% Ϯ 21%). These results are consistent with the preferential nuclear localization and function of NFATc1 in slow muscles (38, 39) , and the idea that the targeting siRNAs effectively down-regulated NFATc1 in transfected muscle.
To evaluate the importance of NFATc1 for regulation of the FIRE, soleus and EDL muscles were cotransfected with TnIf2100-luc and NFATc1 siRNA (Fig. 6B) . Omission of siRNA or cotransfection with nontargeting control siRNAs did not significantly affect TnIf2100-luc activity in either EDL or soleus muscles (Fig.  6B ). There was also no significant effect of NFATc1 siRNAs on TnIf2100 transcription in EDL. In stark contrast, luciferase levels increased 2.5-fold in solei cotransfected with the NFATc1 siRNAs compared with muscles transfected with the negative control siRNAs (86% Ϯ 6% vs. 28% Ϯ 1%, P Ͻ 0.01), and reporter levels were similar to those in the EDL.
Last, we tested the effects of NFATc1 knockdown in adult TnI SURE/FIRE chimeric transgenic mice (see Fig. 1 ), where the minimal 130-bp enhancer is integrated into chromatin and more tightly regulated. As shown in Fig. 6C , knockdown of NFATc1 had no detectable effect in the fast-twitch EDL but significantly increased luciferase levels in the slow-twitch soleus (19% Ϯ 4% vs. 3% Ϯ 0.2%). As expected, luciferase activity in the NFATc1 siRNA-transfected solei did not reach EDL levels because not all Fig. 6 . NFATc1 knockdown prevents the activity-dependent suppression of TnIf2100. (A) EDL (blue) and soleus (red) muscles were cotransfected with a trimerized NFAT-luc reporter construct (3xNFAT) and NFATc1-specific siRNAs. Normalized mean luciferase levels in EDL transfected with 3xNFAT were set as 100%. Luciferase activity was normalized as described in Fig. 3B (n ϭ 4) . (B) EDL and soleus muscles were cotransfected with TnIf2100-luc and either a nontargeting control siRNA or NFATc1 siRNA. Normalized mean luciferase levels in EDL transfected with TnIf2100 and no siRNA were set as 100%. Reporter activities were measured 4 days after electroporation (n ϭ 5). (C) Luciferase activity in EDL and soleus muscles from FIRE-SURE transgenic mice transfected with NFATc1 siRNA is shown. Assays were performed 4 days after siRNA transfection. Mean luciferase activity in EDL transfected with control siRNA was set as 100%. Luciferase activity was normalized to protein. Data represent the means Ϯ SEM (n ϭ 6; * , P Ͻ 0.05; ** , P Ͻ 0.01; Kruskal-Wallis test with Dunn's post test).
fibers were transfected with the siRNAs. Taken together, our results indicate that NFATc1 binds to the FIRE S1 site and represses TnIf transcription in response to slow-patterned activity.
Discussion
The TnIs and TnIf genes represent a good model for studying skeletal muscle fiber-type specificity because these two isoforms are restricted to either slow type I (expressing MHC-I) or fast type II (expressing MHC-IIb, MHC-IIXd/x, MHC-IIa) myofibers, as summarized in [supporting information (SI) Fig. S1 ]. Like other genes encoding contractile proteins, TnI transcription during embryonic/ early fetal development is regulated by the MRF (i.e., MyoD) and MEF-2 families of factors that bind cis elements harbored in the SURE and FIRE enhancers (21, 26, 27) . The differential expression of TnIs and TnIf in diverse fibers is already evident during late fetal and perinatal development (15, 20) , but their expression becomes more confined to slow-and fast-twitch myofibers after P7 when motoneurons depolarize muscles with distinct activity patterns (Fig. 1B and refs. 7 and 20) . We have previously shown that slow and fast activity patterns differentially regulate TnI expression in adult rodent muscles (23) (24) (25) . Fast-patterned activity enhances TnIf and reduces TnIs transcription, whereas slow-patterned stimuli in slow muscles enhance TnIs and repress TnIf transcription (25) . These observations raised the interesting question of how the same activity pattern could elicit opposing transcriptional responses.
Here, we have shown that NFAT can bind directly to the TnIf FIRE and function to repress its activity in response to slowpatterned stimuli. The low-frequency tonic depolarization trains used by motoneurons to depolarize slow-twitch muscles have been proposed to sustain high levels of free intracellular Ca 2ϩ that increase the activity of the calcium/calmodulin-dependent CaN phosphatase, which in turn activates the NFAT pathway (14) ; this proposal was initially based on studies on T lymphocyte activation (12, 13) . Although CaN can activate numerous downstream effectors, the NFAT pathway has been the most widely studied in skeletal muscle where it has been reported to up-regulate slow muscle genes (40) . In skeletal muscles expressing GFP-tagged NFATc1, slow-patterned activity leads to the accumulation of NFATc1 in nuclei (41) . Consistent with this finding, the levels of nuclear GFP-NFATc1 are significantly higher in transfected solei than EDL muscles (39) .
Although there is evidence that CaN can up-regulate the slow muscle program, it is yet not clear whether its effects are mediated by the direct binding of NFAT to the enhancers of genes encoding slow contractile proteins or by the activation of other transcription factors. Molkentin and coworkers (42) reported that, while CaNA␣ and CaNA␤ mutant mice exhibit a reduction of the slow/oxidative program, the effects were mediated through an NFAT-independent mechanism. Swoap et al. (37) concluded from in vitro and in vivo studies that CaN and NFAT are not sufficient to dictate the slow muscle program, consistent with our previous analysis of the TnI SURE (15, 27) . On the other hand, McCullagh et al. (36) showed that transcription from an artificially trimerized IL-2 NFAT site is selectively enhanced by slow-patterned activity, a finding we have reproduced here (Fig. 6A) . VIVIT antagonized slow stimulationmediated increases in MHC-I promoter activity, but it was unclear whether it did so by affecting direct binding of NFAT to the promoter (36) . There is also evidence that the CaN/NFAT pathway may require interaction with other signaling pathways and transcription factors to regulate slow muscle genes (38, 39, 43) . Taken together, it presently appears that CaN may facilitate the expression of slow muscle genes by activating other transcriptional mechanisms that can function independently of, or in concert with, NFAT. In this context, it is important to note that CaN regulates other transcription factors implicated in the regulation of muscle genes, such as PPAR-␦, PGC-1␣, MyoD, and MEF-2 (44-47).
The emphasis of the aforementioned studies were on how the CaN/NFAT pathway enhances transcription of slow genes during fast-to-slow transitions; however, little attention has been devoted to the repression of fast contractile genes during fiber-type conversions. Importantly, NFATs can function both as transcriptional activators and repressors depending on the nuclear factors with which they complex. Although NFAT can bind with high avidity to its canonical site, it is thought to bind this motif, and sequence variations of it, in cooperation with other factors (48) . In immune cells, the cooperative interaction of NFAT with activation partners such as AP-1, MEF-2, and GATA result in the induction of NFAT-regulated genes in response to lymphocyte activation (12, 13) . More recently, studies in mutant mice and cell lines have implicated NFAT in transcriptional repression. Microarray studies using human T lymphocytes identified batteries of genes that were either enhanced or repressed by NFAT activation (49) . Direct evidence that NFAT can repress transcription came from the demonstration that NFATc2 knockout mice express increased levels of CDK4 (50) , and that NFAT binding to a site in the CDK4 enhancer mediates repression via the recruitment of histone deacetylases (HDACs) (50) . Another example of repression by NFATs was reported in adipocytes, where NFATc4 represses transcription of adiponectin in a calcium-dependent fashion (51) . Interestingly, Wu et al. (52) found that by switching transcriptional partners NFAT can function either to activate T lymphocyte responses by associating with AP1 or to convert the cells into a T suppressor program by associating with the FOXP3 repressor.
In this article, we have identified NFATc1 as an activitydependent factor that binds and represses TnIf FIRE transcription in slow-twitch muscles. Although NFATc1 has traditionally been recognized as an activator of slow gene expression, there is indirect evidence to suggest that it may repress transcription of other skeletal muscle genes. Interestingly, Allen et al. (53) found that caNFAT repressed transcription of MHCIIb and MHCIId/x reporter constructs in C2C12 cells and expression of both of these myosins was derepressed in slow muscles transfected with VIVIT, but direct NFAT binding was not shown (36) . To our knowledge, this is the first demonstration of a bona fide NFAT site in a muscle gene that is directly repressed by NFAT in an activity-dependent fashion. Based on our results and the aforementioned studies, we propose that NFATs can function both as activators of slow or repressors of fast muscle genes in slow muscles, depending on the complexes that bind DNA. Our work suggests that the opposing effects of patterned stimuli on the transcription of genes encoding distinct contractile protein isoforms and metabolic enzymes may function to increase the degree of myofiber specialization, while maintaining a range of activity-dependent plasticity (see model presented in Fig. S1 ).
Materials and Methods
Animals. Surgical procedures were performed on adult male Wistar rats (200 -300 g) and FVB/N transgenic mice. Surgery and stimulation experiments were performed according to the National Institutes of Health and Norwegian Animal Research Authority guidelines. Animals were euthanized by CO2 inhalation and cervical dislocation after anesthesia.
Constructs. TnIf2100 was subcloned into pEGFP (Clontech) as described (25) , and into pGL3 to drive expression of firefly luciferase. Deletions and point mutations were introduced by using site-directed mutagenesis (QuikChange; Stratagene). All mutations were verified by sequence analysis.
Imaging of Transcription in Vivo.
Muscles were transfected by electroporation and imaged in situ as described (25) , except that plasmids were extracted from Escherichia coli spheroplasts to reduce endotoxin load (54) and subsequently purified on two CsCl gradients.
Luciferase and Renilla Reporter Activity in Transgenic Mice and Cultured Cells.
Reporter levels were measured from transgenic muscle tissue as described (27) , by pulverizing and homogenizing tissues. Tissues and C2C12 cells were resuspended in passive lysis buffer (Promega) supplemented with protease inhibitors (Roche), cleared by centrifugation, and assayed by using the dual luciferase reporter assay. Transfection efficiency was normalizing by cotransfection with either Rous sar-coma virus (RSV) (muscles) or HSV (C2C12 cells) renilla-reporter plasmids at a mass ratio of 1:5 (normalization/experimental vectors). In some experiments an expression vector for caNFATc1 was included at a mass ratio of 1:5 (ca-NFATc1/ experimental reporter).
EMSAs. Nuclear extracts were obtained from caNFATc1 overexpressing C2C12 myotubes by using the NE-PER extraction kit (Pierce). Probes for EMSAs were generated from ds-oligos labeled with [␥-32 P]ATP and polynucleotide kinase and purified on acrylamide gels. Radiolabeled probes (2,500 cpm) and nuclear extracts (2 g) were incubated at ϩ4°C for 25 min before loading onto a 5% polyacrylamide gel. For supershift assays, nuclear extracts were preincubated with 2 g of antibody H-110 against NFATc1 (Santa Cruz) for 20 min at ϩ4°C. EMSAs were run at ϩ4°C for 2.5 h at 170 V.
siRNA. Specific and validated NFATc1-targeting siRNAs or negative control siRNAs (Ambion) were cotransfected (2 g; 0.15 nM) with TnIf2100-luc or 3xN-FAT-luc (20 g) into EDL and soleus muscles by electroporation. Muscles were harvested after 4 days and homogenized for subsequent luciferase measurement as described above. Effects of siRNAs peaked at 4 days posttransfection (data not shown).
